Correlating HIV tropism with immunological response under combination antiretroviral therapy by Bader, J. et al.
! "!
!"#$%&'%()*+,&




!"#$$%& '()%*+,& -*(./012(& 3456.07899"$:%*;,& !<*=& '6.0>,& ?%*0& @"*=0%A1207B*01"5"C,&
3(D0.%& E%*$FG,& @$()F1& ?(*:0.%::0H,& ?(.I%$& '(::%=(FJ,& K5"L(1& M$0L2(0:+,& (.)& :5%&
3N011&BOP&Q"5"*:&3:I)F&
!"#$%&'$()* +,)#$#-./* 0%1()23%42* 5,#3%6,&,4%* 7* 8%2%)91$(2:/* ;4,<%)9,2.* #=* 5(9%$/* >??@* 5(9%$/*
AB,2:%)$(46C*
DAB,99* EF+* G#H#)2* A2'6.* IAEGAJ* 0(2(* G%42%)/* ;4,<%)9,2.* E#91,2($* K('9(44%/* !?!L* K('9(44%/*
AB,2:%)$(46*

















L(F& %UW%*0%.4%& ".$F& 1ID"W:0L($& Q^C& 4%$$& *%4"A%*F& N50$%& :*%(:%)& N0:5& 4"LD0.(:0".&
:5%*(WF& \48_K]Y& `0::$%& 01& 2."N.&(D"I:&N5%:5%*& A0*($& W*"W%*:0%1& 1I45&(1& 4%$$& :*"W01L&
4"I$)& W$(F& (& *"$%& 9"*& 1I45& 0.4"LW$%:%& 0LLI.%& *%1W".1%Y& K5I1& :501& 1:I)F& N(1&





_%1I$:1R& [(:0%.:1& N0:5& QQ_G7:*"W04& A0*I1%1& (:& D(1%$0.%& :%.)%)& :"& L(0.:(0.& :501&
:*"W01L&:"&:5%&1:I)F&%.)Y&O.&:5%&0.4"LW$%:%&Q^C7*%1W".)%*&=*"IW&A0*I1%1&"9&QcQ_C7
:*"W01L& (:& D(1%$0.%& N%*%& "A%**%W*%1%.:%)& (9:%*& :5%*(WFY& dA%*($$,& 5"N%A%*,& (.)&
1"L%N5(:&I.%UW%4:%)$F,&:5%&=*%(:&L(X"*0:F&"9&($$&W(:0%.:1&W*%1%.:%)&N0:5&QQ_G7:*"W04&
A0*I1%1&(:&9"$$"N7IWY&
Q".4$I10".R&dI*&)(:(& $%.)&1IWW"*:& :"&:5%&5FW":5%101&:5(:& :*"W01L&)%:%*L0.(:0".&4(.&
D%& I1%)& (1& W(*(L%:%*& 9"*& )01%(1%& W*"=*%110".& %A%.& 09& (.($F/%)& F%(*1& W*0"*& :"& :5%&
%1:(D$015L%.:& "9& (.& 0.4"LW$%:%& 0LLI.%& *%1W".1%Y& ?"*%"A%*,& :5%& "D1%*A%)& $(1:0.=&








g5%*%(1& 0:& 01&N%$$&%1:(D$015%)& :5(:&1I1:(0.%)&Q^C7*%4"A%*F& 01&(&2%F&)%:%*L0.(.:&"9&
:5%*(WF& 1I44%11,& LI45& $%11& 01& 2."N.& (D"I:& A0*($& W*"W%*:0%1& )I*0.=& )01%(1%&
W*"=*%110".&"*&0LLI."$"=04($&*%4"A%*F&W5(1%1&"9&:5%&0.9%4:0".Y&&
d.& :5%& L"$%4I$(*& $%A%$& 1I44%119I$& BOP& 0.9%4:0".& 4*0:04($$F& )%W%.)1& ".& 50=57(990.0:F&
D0.)0.=&"9&:5%&A0*I1&:"&:5%&4%$$I$(*&*%4%W:"*1&Q^C&(.)&(&45%L"20.%&*%4%W:"*&1%*A0.=&
(1& A0*($& 4"*%4%W:"*Y&[*0"*& :"& 4%$$& %.:*F& 4".9"*L(:0".($& 45(.=%1& 0.& :5%&BOP&%.A%$"W%&
%.(D$%&(.& 0.:%*(4:0".&"9& A(*0(D$%& $""W&>& \P>]&(.)&%0:5%*& 45%L"20.%& *%4%W:"*&QQ_G&
\_G]& "*& QcQ_C& \cC]& e+fY& 8$:5"I=5& :5%*%& 01& ."& 9*%%& 45"04%& 9"*& :5%& A0*I1,& :5%& 2%F&
)%:%*L0.(.:1,&L(0.$F&$"4(:%)&0.&P>,&)04:(:%,&N5045&45%L"20.%&*%4%W:"*&4(.&D%&D"I.)Y&&
hIL%*"I1&*%W"*:1&5(A%&15"N.&:5(:&%(*$F&(9:%*&0.9%4:0".&L"1:&BOP7+&01"$(:%1&I1%&:5%&
_G& *%4%W:"*& \IW& :"&TGi&"9&4(1%1]Y&844"*)0.=$F,&cC7:*"W04&A0*I1& 01"$(:%1& *%L(0.& *(*%&
%(*$F& (9:%*& 0.9%4:0".& (.)& (*%& L"*%& 9*%jI%.:$F& 01"$(:%)& (:& $(:%*& )01%(1%& 1:(=%1& e;7GfY&
d.$F&9"*&1ID:FW%&^&(&=*%(:%*&W%*4%.:(=%&"9&cC7I10.=&A(*0(.:1&5(1&D%%.&*%W"*:%)&eHfY&








:%1:1& 5(A%& D%%.& %1:(D$015%)& :"& 0)%.:09F& :5%& A0*($& :*"W01L& (.)& )011%4:& L0U%)& A0*I1&
W"WI$(:0".1&e++fY&&
8& *%W"*:%)& W(*()"U& 01& :5(:& BOP70.9%4:%)& W(:0%.:1,& ($:5"I=5& 9I$$F& *%1W".)0.=& :"&
(.:0*%:*"A0*($& :*%(:L%.:,& L(F& %UW%*0%.4%& L(110A%$F& )%$(F%),& 0.1I99040%.:& Q^C& 4%$$&
! %!
*%4"A%*FY&O.&;VVG&M(I9L(..&%:&($Y&e+;f&5()&1:I)0%)&1I45&W*"90$%1&"9&Q^C&4%$$&*%4"A%*F&
"A%*& :0L%& )I*0.=& 9I$$F& 1IWW*%110A%& 48_K& (.)& (110=.%)& W(:0%.:1& :"& %0:5%*& (.&
0LLI."$"=04($$F& *%1W".)0.=& "*& (& .".7*%1W".)0.=& =*"IWY& K5%& ".$F& 10=.0904(.:&
)%:%*L0.(.:1& 0.& :5(:& 1:I)F& N%*%& ()A(.4%)& 1:(=%& (:& )0(=."101& (.)& (=%& (:& :0L%& "9&
0.9%4:0".Y&Q".10)%*0.=&:5(:&0.&":5%*&1:I)0%1&cC&:*"W01L&(11"40(:%)&N0:5&W""*%*&)01%(1%&
"I:4"L%,& N%& 5FW":5%10/%)& :5(:& (.& 0LW(0*%)& Q^C& 4%$$& *%1W".1%& 4"I$)& )0*%4:$F& D%&
(99%4:%)&DF&W*"W%*:0%1&"9&:5%&k.A&W*":%0.Y&g%&1%:&"I:&:"&(11%11&0.&)%:(0$&A0*($&:*"W01L&
D":5,&(:&:5%&:0L%&"9&48_K&0.0:0(:0".&(.)&(9:%*&%U:%.)%)&W%*0")1&"9&1I44%119I$&:5%*(WFY&
K*"W01L& N(1& (.($F/%)& 9"*& (& 1IW7W"WI$(:0".& "9& :5%& (D"A%7L%.:0".%)& 1:I)F,& 0Y%Y& 9"*&
A0*I1&9*"L&W(:0%.:1&N0:5&4".:0.I"I1&A%*1I1&:*(.10%.:&"*&W""*&0LLI.%&*%1W".1%Y&810)%&
9*"L& :501& Q^C7*%1W".1%& (1W%4:& "I*& 1:I)F& 9"$$"N%)& A0*($& :*"W01L& ($1"& "A%*& :0L%,&









3(LW$%1&N%*%&=*"IW%)&(44"*)0.=& :"& :5%&W(:0%.:1l&Q^C& *%4"A%*F&(9:%*& 90A%&F%(*1&".&
48_K,&0.:"&a*%1W".)%*1b&\.mHV]&N0:5& $(*=%$F&1:%()F&*%1W".1%1&:"&nGGV&Q^C&4%$$1op`&
"*& a0.4"LW$%:%& *%1W".)%*1b& \.mGV]& N5%*%& Q^C& 4%$$1& 1:(F%)& D%$"N& GGV& 4%$$1op`Y&
K*"W01L& (.($F101& N(1& W%*9"*L%)& ".& W$(1L(& (.)& ".& ['?Q& .%(*& :5%& :0L%& "9& 48_K&
0.0:0(:0".,& (.)& 90A%& F%(*1& $(:%*& ".& ['?Ql1Y& -"*& :*"W01L& )%:%*L0.(:0".& :N"& L%:5")1&
N%*%& (A(0$(D$%R& @%.";[5%."& \?(U7[$(.427O.1:0:I:%,& 3((*D*<42%.,& @%*L(.F]& (.)&
cK*(42&\O.[5%."&8@,&'(1%$,&3N0:/%*$(.)]Y&8$$&W(:0%.:1&5()&%UW%*0%.4%)&(&*(W0)&A0*($&
$"()& )%4$0.%& (9:%*& 48_K& 0.0:0(:0".Y& P0*($& $"()1& 1:(F%)& D%$"N& GVV& 4"W0%1oL`& N0:5"I:&
D$0W1& 9"*& :5%& %.:0*%& 1:I)F& W%*0")Y& 48_K& N(1& )%90.%)& (1& (.F& 4"LD0.(:0".& "9& q>&
(.:0*%:*"A0*($& )*I=1,& %0:5%*& ;& .I4$%"10)04& *%A%*1%& :*(.14*0W:(1%& 0.50D0:"*1& \h_KO]&




_h8& (.)& ^h8& %U:*(4:0".& N(1& W%*9"*L%)& N0:5& 45%L(=%.& [*%W0:"& \[%*20.& k$L%*,&
'(%1N%0$%*,& @%*L(.F]& I10.=& :5%& h8& '")F& -$I0)& M0:& (44"*)0.=& :"& W*":"4"$Y& -"*&
(LW$0904(:0".& "9& :5%& P>& $""W& (& A($0)(:%)& 0.& 5"I1%& W*":"4"$& N(1& I1%)Y& O.& D*0%9,& _h8&
N(1& *%A%*1%& :*(.14*0D%)& I10.=& :5%& 8990.0:F& 34*0W:& d.%73:%W& _K7[Q_& M0:& \8=0$%.:&
K%45."$"=0%1,&'(1%$,&3N0:/%*$(.)]Y&K5%&W*")I4:&N(1&4$%(.%)&N0:5& 0$$I1:*(&kU"1:(*&+7
! '!
3:%W& \@k& B%($:54(*%,& @$(::D*I==,& 3N0:/%*$(.)],& (.)& .%1:%)& [Q_& N(1& W%*9"*L%)&
I10.=&[9Ir$:*(&OO&-I10".&B3&\8=0$%.:]Y&[Q_&W*")I4:1&N%*%&1%jI%.4%)&".&(.&8'O&>+>V&
@%.%:04& 8.($F/%*,& (.)& :*"W01L& N(1& (110=.%)& I10.=& :5%& ".$0.%& :""$&
@%.";[5%."\4"*%4%W:"*]&A%*10".&;YG&N0:5&(&-[_&4I:7"99&A($I%&"9&%0:5%*&Gi&"*&+ViY&
-"*&:*"W01L&(11%11L%.:&N0:5&cK*(42&:5%&20:&W*":"4"$&N(1&9"$$"N%)Y&







L%.& \?3?]Y&?%(.&)I*(:0".&"9& 0.9%4:0".&N(1&+SY;&s&GYJ& F%(*1& e+>f& (.)&JGi&"9& :5%&
W(:0%.:1&5()&1:(*:%)&N0:5&48_K&W*0"*&:"&:5%&F%(*&;VVVY&'(1%$0.%&Q^C&4%$$&4"I.:&N(1&
+T+&4%$$1op`,&D(1%$0.%&Q^T&4%$$&4"I.:&TC+&4%$$1op`,&(.)&D(1%$0.%&A0*($&$"()&N(1&GYC;&
$"=+V&4"W0%1oL`Y&'(1%)&IW".&(.($F101&(:& :5%& 9"$$"N7IW& :0L%&W"0.:&+Ti&\+JoTJt&%0=5:&
.":& (.($F/(D$%]& "9& :5%& W(:0%.:1& 5()& (& u>;& 5%:%*"/F="I1& =%.":FW%Y& '(1%$0.%&
45(*(4:%*01:041&(*%&$01:%)&0.&:(D$%&+Y&
O.& :5%& 0.4"LW$%:%& *%1W".)%*&=*"IW&W(:0%.:1&5()& 0.0:0(:%)&48_K&(:&(& $"N%*&Q^C&4%$$&
4"I.:&+V+&4%$$1ov`&A1Y&;CC&4%$$1&0.&:5%&*%1W".)%*&=*"IW&eWwVYVV+fY&O:&N(1&2%F&:"&*I$%&






^%L"=*(W504& 45(*(4:%*01:041& *%A%($%)& (& $".=%*& )I*(:0".& "9& 0.9%4:0".& e+>f& 9"*& :5%&
0.4"LW$%:%& *%1W".)%*1& N0:5& ;VY>& A1Y& +TYC& F%(*1& eW& m& VYV+Vf,& (.)& L"*%& 4(1%1& N0:5&













'`7[`,& +>& '`& ['?Q]Y& dA%*($$& G;& N%*%& *%1W".)%*1& (.)& C>& N%*%& 0.4"LW$%:%&
*%1W".)%*1&(44"*)0.=& :"& :5%&W(:0%.:1l&Q^C&4%$$& 4"I.:1&(9:%*& 90A%& F%(*1&"9& 9"$$"N7IWY&
k0=5:F7%0=5:& 1(LW$%1& "9& :5%& SG& \S>i]& 5()& 4".4"*)(.:& *%1I$:1& D%:N%%.& @;[& (.)&
cK*(42Y&-"*& 9"$$"N0.=&(.&%A"$I:0".&"9& :5%&A0*($& :*"W01L&W*"A0*($&)(:(& 9*"L&['?Q1&(:&
'`&\'`7['?Q]&N%*%&4"LW(*%)&N0:5&['?Q1&(:&9"$$"N7IW&\GE7['?Q],&N5%*%&G+&1%:1&












(*"I.)& SVi& "9& 1(LW$%1& 5()& 1ID:FW%& '& )%:%*L0.%)& DF& @;[Y& JVYHi& \+;o+J]& "9&
W(:0%.:1&N0:5&cC7:*"W04&A0*I1%1&(.)&>SY;i&\;SoJC]&N0:5&_G7:*"W04&A0*I1%1&N%*%&0.&:5%&
0.4"LW$%:%& *%1W".)%*& =*"IW& \W& m& VYV+S]Y& -"*& @;[& -[_& ()XI1:L%.:& :"& +Vi& :5%&
I.0A(*0(:%&(.($F101&1:0$$&*%1I$:%)&0.&(&10=.0904(.:&W7A($I%&\W&m&VYVCC]t&)(:(&(*%&15"N.&0.&
:(D$%&>Y&&
g0:5& :5%& cK*(42& (.($F101& :50*:F& :N"& W%*4%.:& \+JoG>]& "9& :5%& W(:0%.:1& N0:5& _G7:*"W04&
A0*I1%1,& HVYJi& \+Jo;T]& N0:5& (& L0U%)& A0*I1& W"WI$(:0".& (.)& HCY>i& \So+C]& "9& W(:0%.:1&
N0:5&cC7:*"W04& A0*I1%1&D%$".=%)& :"& :5%& 0.4"LW$%:%& *%1W".)%*&=*"IW& \W&m&VYV+G],& (1&
15"N.& 0.& :(D$%& >Y& ^01*%=(*)0.=& :5%& ;T& W(:0%.:1& N0:5& L0U%)& A0*I1& W"WI$(:0".1,&
@%.";W5%."&(.)&cK*(42&F0%$)%)&4".4"*)(.:&*%1I$:1&0.&TSYHi&\HVoHJ]Y&
?I$:0A(*0(:%& $"=01:04& *%=*%110".& (.($F101& 0.4$I)0.=& (=%,& )I*(:0".& "9& 0.9%4:0".,& Q^Q&
1:(=%,&D(1%$0.%&A0*($&$"(),&D(1%$0.%&Q^C,&(.)&:*"W01L&0.:%*W*%:(:0".&*%A%($%)&:5(:&".$F&
D(1%$0.%&Q^C&4%$$&4"I.:&\\W&w&VYVV+]&N(1&(.&0.)%W%.)%.:&W*%)04:"*&"9&(.&0.1I99040%.:&








W(:0%.:1& 5()& ."& @;[& *%1I$:& )I%& :"& L0U%)& A0*($& 1%jI%.4%1Y& g0:5& >T& "9& CC& (.($F/%)&
1(LW$%1& :5%& A(1:& L(X"*0:F& "9& W(:0%.:1& \THYCi]& 4(**0%)& _G7:*"W04& A0*I1& (:& D(1%$0.%Y&
K50*:F7:N"&"9&:5%1%&>T&W(:0%.:1&\TCY;i]&1:0$$&5()&(.&_G7:*"W04&A0*I1&(:&9"$$"N7IW,&0.&:5%&
*%L(0.0.=&10U&W(:0%.:1&:5%&:*"W01L&5()&45(.=%)&:"&cC&I1%Y&-*"L&:5%&10U&W(:0%.:1&N0:5&





:5%& L0U%)& :*"W01L& *%L(0.%)& 1:(D$%& 0.& :N"& 4(1%1& \;TYHi]& (9:%*& G& F%(*1Y& 8& :*"W01L&
45(.=%& 9*"L& L0U%)& :"& _G& "44I**%)& 0.& :5*%%& \C;YSi]& W(:0%.:1,& (.)& 0.& :N"& \;TYHi]&
4(1%1&:5%&$(:%*&1(LW$%1&*%A%($%)&1"$%$F&cC7:*"W04&A0*I1Y&-"*&:5%&.0.%&W(:0%.:1&N0:5&cC7





*%1I$:& (A(0$(D$%& (1&N%$$& (1& (& 4"**%1W".)0.=& 9"$$"N7IW&['?Q& :*"W01L& *%1I$:Y&8L".=&
:5%&HG&W(:0%.:1,&%0=5:&5()&."&@;[&*%1I$:&)I%&:"&L0U%)&A0*($&1%jI%.4%1Y&8:&D(1%$0.%&
N%& 0)%.:090%)& _G7:*"W04& A0*I1%1& 0.& CT& \TCY;i]& "9& GJ& W(:0%.:1& 1(LW$%1,& "9& N5045& C;&
\TJYGi]&N%*%&1:0$$&_G7:*"W04&(:&9"$$"N7IWY&8L".=&:5%&.0.%&W(:0%.:1&N0:5&cC7:*"W04&A0*I1&
! "+!
(:&D(1%$0.%& :5%& :*"W01L&5()&45(.=%)& 0.& 1%A%.& \JJYTi]&W(:0%.:1& :"&_G&(:& 9"$$"N7IWt&
)(:(&1ILL(*0/%)&0.&90=I*%&+Y&&
cK*(42& N(1& I1%)& ($1"& 5%*%& :"& %U(L0.%& L0U%)& A0*I1& W"WI$(:0".1Y& 8L".=& :5%& >J&
\HCYSi]& W(:0%.:1& N0:5& (.& _G& :*"W01L& (:& D(1%$0.%& 9"I*& \+VYTi]& 45(.=%)& :"& (& L0U%)&
W"WI$(:0".Y&-"*&+;&W(:0%.:1&N0:5&(&L0U%)&A0*I1&W"WI$(:0".&(:&D(1%$0.%&BOP&45(.=%)&:"&
D%4"L%&_G7:*"W04&0.&1%A%.&\GTY>i]&4(1%1,&".%&\TY>i]&D%4(L%&cC7:*"W04,&(.)&0.&9"I*&










(& 1N0:45& :"& _G& :*"W01L& 1%A%*($& .I4$%":0)%& 45(.=%1& 0.& :5%& P>& $""W& 1%jI%.4%& N%*%&
*%1W".10D$%& 9"*&($:%*0.=& :5%& :*"W01L&(44"*)0.=& :"& :5%&@;[&($="*0:5LY& O.&4".:*(1:,& 9"*&











0.& :5%& (D1%.4%& "9& 2."N.& W$(I10D$%& 4(I1%1& e+;fY& K501& 1:I)F& ())*%11%),& N5%:5%*& (&
:*"W01L&)%:%*L0.(:0".&W*0"*&:"&48_K&0.0:0(:0".&N"I$)&D%&(D$%&:"&W*%)04:&(&$(:%*&W""*%*&
0LLI.%& *%1W".1%Y& g%& "D1%*A%)& :5(:& L"*%& :5(.& JVi& "9& ($$& W(:0%.:1& N0:5& cC7:*"W04&
A0*I1%1&(:&:5%*(WF&0.0:0(:0".&N"I$)&%UW%*0%.4%&".$F&(&W(*:0($& 0LLI.%&*%4"A%*F&)I*0.=&
:5%& 9"$$"N0.=& G& F%(*1& \wGGV& Q^C& 4%$$1op`]Y& O.& ())0:0".,& (.($F101& "9& W*"A0*($& BOP&
1%jI%.4%1&(:&:501&$(:%*&:0L%&W"0.:&)I*0.=&:5%*(WF&*%A%($%)&:5(:&0.&(&1:*020.=&L(X"*0:F&"9&
W(:0%.:1& cC& :*"W04& '`7BOP& 45(.=%)& :"& _GY& Q".:*(1:0.=& :501& L"1:& W(:0%.:1& N0:5& _G&
:*"W01L&(:& D(1%$0.%& *%:(0.%)&_G7:*"W04& A0*I1%1Y&g%& 9I*:5%*&"D1%*A%)& :5(:& :FW04($$F& (&
10.=$%& .I4$%":0)%& 45(.=%& N(1& 1I99040%.:& 9"*& :5%& 45(.=%& :"& cC& :*"W01L,& N5%*%(1& (&
:*"W01L& 45(.=%& 9*"L& cC& :"& _G& *%jI0*%)& 1%A%*($& W"0.:& LI:(:0".1Y& K501& $%.)1& 9I*:5%*&
1IWW"*:& :"& :5%& .":0".& :5(:& :*"W01L& 45(.=%1& )0)& .":& "44I*& (1& 4".1%jI%.4%& "9&
1W".:(.%"I1,& 01"$(:%)& LI:(:0".1Y& O:& 1IWW"*:1& :5%& 4".4%W:& :5(:& _G& A(*0(.:1& %A"$A%)&
9*"L& L0U%)& A0*I1& W"WI$(:0".1& ($*%()F& W*%7%U01:0.=& 0.& :5%& W(:0%.:Y& ?"1:& 10.=$%&
.I4$%":0)%&45(.=%1&"44I**%)&(:&W"10:0".1&++,&;C,&"*&;G&"9&:5%&P>&$""W,&L"1:$F&(1&@&:"&
8& :*(.10:0".1Y& O:& 5(1& D%%.& *%W"*:%)& D%9"*%& :5(:& 8[d'kQ>& :*0==%*1& 1I45& @& :"& 8&
LI:(:0".1& (.)& L0=5:& :5I1& D%& )0*%4:$F& *%1W".10D$%& 9"*& "*& 0.A"$A%)& 0.& A0*($& :*"W01L&
45(.=%1&e+CfY&?"*%"A%*,&0.&5($9&"9&:5%&W(:0%.:1&(&45(.=%&:"&cC7:*"W01L&4"0.40)%)&N0:5&
:5%& $"11&"9&(&W":%.:0($&h7$0.2%)&=$F4"1F$(:0".&10:%Y&K501& 01& 0.&="")&4".4"*)(.4%&N0:5&













4".9"I.)%*& 0.& "I*& 1:I)F& 01& :5%& W*0.40W($$F& $"N%*& '`& Q^C& 4%$$& 4"I.:1& 0.& :5%& .".7
*%1W".)%*& =*"IWY& E%:& D":5& =*"IW1& "A%*$(WW%)& 10=.0904(.:$F& (.)& 1"L%& W(:0%.:1& N0:5&
$"N&Q^C&w;VVop`&D%$".=%)&:"&:5%&*%1W".)%*1,&N5%*%(1&":5%*1&N0:5&'`&Q^C&n;VVop`&
1:0$$&".$F&*%(45&(&W$(:%(IY&8$:%*.(:0A%$F&:"&:501&D%0.=&1I==%1:0A%&"9&(&W""*&W*"=."101&9"*&






W%*101:%.:$F& *%W$04(:0.=& cC7:*"W04& BOP& 0.& :5%& Q^C& )%:%*0"*(:0".Y& O:& *(:5%*& W*"A0)%1&
%A0)%.4%& 9"*&(&=*%(:%*&W*"A0*($&1:(D0$0:F&"9&_G7:*"W04&BOP&)I*0.=&1IWW*%110A%& :5%*(WF&
(.)&L(F&1I==%1:&:5(:&_G&A(*0(.:1&*%W*%1%.:&:5%&L(0.&:(*=%:1&9"*&:5%*(WFY&&
K5%& 0.:*0=I0.=& "D1%*A(:0".& :5(:& )I*0.=& 1IWW*%110A%& 48_K& cC7:*"W04& \W*"A0*($]& BOP&









N5%*%& :5%&L(X"*0:F& "9& :5%1%&5%(A0$F& W*%7:*%(:%)&W(:0%.:1& W*%1%.:%)&(:& D(1%$0.%&N0:5&
_G7:*"W04&A0*I1&)%1W0:%&$".=&0.9%4:0".7&(.)&:5%*(WF&%W01")%1&e;;fY&8&1:*020.=&90.)0.=&0.&
:5%&1(L%&1:I)0%1&N(1&:5(:,&IW".&)014".:0.I(:0".&"9&L(*(A0*"4,&cC&:*"W04&A0*I1&A(*0(.:1&
*(W0)$F&)01(WW%(*%)&N0:5& :5%&W*"LW:& *%7%L%*=%.4%&"9&_G& :*"W04&BOP& e;>f,& 10L0$(*& :"&
%L%*=0.=&A0*I1&0.&9(0$0.=&90*1:7$0.%&48_K&e;CfY&
O.& $0.%&N0:5& 1"L%& e;V,& ;+f&(.)& 0.& 4".:*(1:& :"&":5%*& *%W"*:1& e;Gf&N%&"D1%*A%)& 0.&"I*&
1:I)F&(&*%)I4:0".&"9&cC7:*"W04&A(*0(.:1&)I*0.=&48_K,&(.)&"I*&)(:(&)"&.":&1IWW"*:&:5%&
4$(0L& "9& (.& "A%*7*%W*%1%.:(:0".& "9& cC7:*"W04& A0*I1& 0.& W*"A0*($& 1(LW$%1& 4"LW(*%)& :"&
W$(1L(Y& K501& N(1& ($1"& "D1%*A%)& DF& ":5%*1,& N5",& 5"N%A%*,& *%(45%)& (& )099%*%.:&
0.:%*W*%:(:0".&DF&1I==%1:0.=&:5(:&W*"A0*($&:*"W01L&:%1:0.=&15"I$)&.":&D%&I1%)&)I%&:"&(.&
"DA0"I1$F& 9($1%& I.)%*7*%W*%1%.:(:0".& "9& cC& 0.& :5%& W*"A0*($& *%1%*A"0*& e;HfY& E%:& "I*&
"D1%*A(:0".&01&9I$$F&0.&$0.%&N0:5&:5%0*&W*0L(*F&)(:(R&8$1"&3N%.1".&%:&($Y&1(N&"A%*&:0L%&
(& 50=5%*& W*"W"*:0".& "9& _G7:*"W04& A0*I1& 1%jI%.4%1& 0.& :5%& 4%$$I$(*& 4"LW(*:L%.:Y& g%,&
5"N%A%*,& 0.:%*W*%:& :5%1%& 90.)0.=1& 0.&(&N(F& :5(:& :5%& $"N%*& *%W*%1%.:(:0".& 01& *%($&(.)&
*(:5%*&*%9$%4:1&(.&0LLI."$"=04($&1509:&)I*0.=&48_K&(.)&(&$"11&"9&cC75(*D"*0.=&4%$$1Y&&
O:& N0$$& :5%*%9"*%& D%& "9& 0.:%*%1:& :"& 9I*:5%*& 0.A%1:0=(:%,& N5%:5%*& (& :*"W01L7)%W%.)%.:&
L%45(.01L& "9& A0*I1& 4".:*"$& 4(.& 4".101:%.:$F& D%& %U%*:%)& )I*0.=& 48_KY& 35"I$)& 0:& D%&
W"110D$%& :"& W*%9%*%.:0($$F& 4".:*"$& cC7:*"W04& BOP& A(*0(.:1& DF& 1:*%.=:5%.0.=& 0LLI.%&
9I.4:0".1,& %Y=Y& I.)%*& L(U0L($& W*%11I*%& "9& 4"LD0.(:0".& :5%*(WF& (.)& N50$%& Q^C&




















M(01%*& `,&M%01%*& d,& M$0L2(0:& K,& M"IF"1& _,& M"A(*0& B,& `%)%*=%*D%*& ',& ?(*:0.%::0&
@,&?(*:0.%/&)%&K%X()(&',&?%:/.%*&M,&?<$$%*&h,&h()($&^,&h044(&^,&[(.:($%"&@,&_(I45&
8& \Q5(0*L(.& "9& :5%& 340%.:0904& '"(*)],&& _%=%.(11& 3,&_042%.D(45& ?& \B%()& "9& ^(:(&













+Y& '%*=%*& k8,& ?I*W5F& [?,& -(*D%*& !?Y& Q5%L"20.%& *%4%W:"*1& (1& BOP7+&





>Y& ?""*%& ![,& M0:45%.& 3@,& [I=(45& [,& }(42& !8Y& K5%& QQ_G& (.)& QcQ_C&
4"*%4%W:"*1774%.:*($& :"& I.)%*1:(.)0.=& :5%& :*(.1L0110".& (.)& W(:5"=%.%101& "9&
5IL(.&0LLI.")%9040%.4F&A0*I1&:FW%&+&0.9%4:0".Y&8O^3&_%1&BIL&_%:*"A0*I1%1&
CDDFt&;V\+]R&+++7;HY&
CY& Q".."*& _O,& 35%*0)(.& Mk,& Q%*()0.0& ^,& Q5"%& 3,& `(.)(I& h_Y& Q5(.=%& 0.&









1W%40904& A0*($& $"()& W*%)04:& 4$0.04($& )01%(1%& W*"=*%110".& )I*0.=& 4"LD0.(:0".&
(.:0*%:*"A0*($&:5%*(WFY&8O^3&CDDHt&;;\C]R&CHS7JSY&




"9& BOP& :*"W01L& ".& )%4*%(1%1& 0.& Q^C& 4%$$& 4"I.:,& 4$0.04($& W*"=*%110".,& (.)&









+70.9%4:%)& 0.)0A0)I($1& *%4%0A0.=& W":%.:& (.:0*%:*"A0*($& :5%*(WFY& Q$0.& O.9%4:& ^01&
CDDEt&C+\>]R&>H+7J;Y&
+>Y& K(99%& [,& ?(F& ?,& 3N011& BOPQ3Y& 8& X"0.:& D(42& 4($4I$(:0".& L")%$& 9"*& :5%&
0LWI:(:0".& "9& :5%& )(:%& "9& BOP& 0.9%4:0".& 0.& (& W*%A($%.:& 4"5"*:Y& 3:(:01:041& 0.&
L%)040.%&CDDHt&;J\;>]R&CT>G7G>Y&
+CY& 8$:%*0&Q,&'%$$"4450&?Q,&-"I*(:0&3,&%:&($Y&BOP7+&P>&)0A%*10:F&4(.&D%&0.4*%(1%)&DF&
8W"D%4>7%)0:0.=,& W*%)"L0.(.:%$F& (:& *%10)I%1& 0.A"$A%)& 0.& 4"& *%4%W:"*& I1(=%&






=$F4"1F$(:0".& "9& :5%& BOP& :FW%7+& =W+;V& %.A%$"W%& =$F4"W*":%0.& (1& (& L(X"*&





+TY& d5&^E,& !%11%.&B,&MI45%*%*&Q,&%:& ($Y&QQ_G^%$:(>;&=%.":FW%1& 0.&(&@%*L(.&
BOP7+& 1%*"4".A%*:%*& 4"5"*:& (.)& *%W"*:& "9& BOP7+& 0.9%4:0".& 0.& (& QQ_G^%$:(>;&
5"L"/F="I1&0.)0A0)I($Y&[`"3&d.%&CDDHt&>\J]R&%;JCJY&
+SY& k1W%*:&`,&^%.0/":&?,&@*0L($)0&?,&%:&($Y&8I:"W5(=F& 01& 0.A"$A%)& 0.&K&4%$$&)%(:5&
(9:%*&D0.)0.=&"9&BOP7+&%.A%$"W%&W*":%0.1&:"&QcQ_CY&!&Q$0.&O.A%1:&CDDJt&++H\T]R&
;+H+7J;Y&
;VY& [50$W"::& 3,& g%01%*& ',& 8.(1:"1& M,& %:& ($Y& [*%9%*%.:0($& 1IWW*%110".& "9& QcQ_C7
1W%40904&1:*(0.1&"9&BOP7+&DF&(.:0A0*($&:5%*(WFY&!&Q$0.&O.A%1:&CDDAt&+VJ\C]R&C>+7TY&
;+Y& !0("&E,&g(.=&[,&}5(.=&B,&%:&($Y&BOP7+&4"7*%4%W:"*&I1(=%&D(1%)&".&P>& $""W&
1%jI%.4%& (.($F101R& W*%9%*%.:0($& 1IWW*%110".& "9& QcQ_C& A0*I1& W"1:& B88_K&
OLLI."$&O.A%1:&CDAAt&CV\H]R&GSJ7H+>Y&
! ")!




W(:0%.:1& 9"$$"N0.=& :*%(:L%.:& N0:5& :5%& QQ_G& (.:(=".01:& L(*(A0*"4& 01& 9*"L& (&
W*%:*%(:L%.:& QcQ_C7I10.=& A0*I1& *%1%*A"0*Y& !"I*.($& "9& A0*"$"=F& CDDJt& TV\+V]R&
CSVS7;VY&
;CY& -%**%*&[,&K%$$"&?,&?".:%40."1&`,&%:&($Y&[*%A($%.4%&"9&_G&(.)&cC&BOP&A(*0(.:1&
0.& (.:0*%:*"A0*($& :*%(:L%.:& %UW%*0%.4%)& W(:0%.:1& N0:5& A0*"$"=04& 9(0$I*%Y& !& Q$0.&
P0*"$&CDAFt&HV\>]R&;SV7CY&
;GY& ^%$"D%$& [,& 3(.)*%173(I.%& M,& Q(/(D(:& ?,& %:& ($Y& _G& :"& cC& 1N0:45& "9& :5%&
W*%)"L0.(.:& BOP7+& W"WI$(:0".& 0.& 4%$$I$(*& *%1%*A"0*1& )I*0.=& %99%4:0A%& 50=5$F&
(4:0A%&(.:0*%:*"A0*($& :5%*(WFY& !&84jI0*& OLLI.%&^%904&3F.)*&CDDEt& >T\C]R& >T;7
S;Y&


















3%U& && ** & & ** &&
&&&&?($%& J+&\JGYG]& ** >J&\J+Y;]& >C&\T+YV]& ** VY>S+&
&&&&-%L($%& ;>&\;CYG]& ** +G&\;TYT]& T&\+SYV]& ** &&
8=%,&L%(.&F%(*1&s&3^& GCYC&s&+VYJ& ** G;Y;&s&+VYS& GJY+&s&+VY+& ** VYV+>&
k:5.040:F& && ** && && ** &VYGH+&&
&&&&g50:%& TC&\TSYC]& ** CG&\THYG]& >S&\S;YS]& ** &
&&&&'$(42& H&\HYC]& ** C&\JYJ]& ;&\CYT]& ** &&
&&&&B01W(.04& ;&\;Y+]& ** ;&\>YT]& && ** &&
&&&&810(.& ;&\;Y+]& ** +&\+YS]& +&\;YC]& ** &&
BOP&:*(.1L0110".& && ** && && ** &VYG>S&&
&&&&'$"")& +&\+Y+]& ** +&\+YS]& && ** &
&&&&?3?& C>&\CGYJ]& ** ;>&\CCY;]& ;V&\CJYH]& ** &&
&&&&BkK& >C&\>HY;]& ** ;+&\CVYC]& +>&\>+YV]& ** &&
&&&&O^r& +C&\+CYS]& ** J&\+>YG]& J&\+HYJ]& ** &&
&&&&d:5%*& +&\+Y+]& ** && +&\;YC]& ** &&
&&&&h":&(A(0$(D$%& +&\+Y+]& ** && +&\;YC]& ** &&
8=%&(:&0.9%4:0".,&&
&&&&L%(.&F%(*1&s&3^&
>GYJ&s&++YJ& ** >CYH&s&+;Y>& >JY+&s&+VYS& ** VY;+J&
8=%&(:&48_K&1:(*:,&&
&&&&L%(.&F%(*1&s&3^&
C+Y;&s&++YV>& ** >SYG&s&++YC;& C;YS&s&+VYCH& ** VYVSH&
^I*(:0".&"9&0.9%4:0".,&
&&&&L%(.&F%(*1&s&3^&
+SY;&s&GYJ& ** +TYC&s&H& ;VY>&s&GY+& ** VYV+V&
Q^Q&3:(=%& && ** && && ** &&
&&&&Q& ;H&\;JYJ]& ** S&\+JY>]& +J&\CVYG]& ** VYV;C&
48_K&0.0:0(:0".& && ** && && ** &&
&&&&D%9"*%&;VVV& J+&\JGYG]& ** CV&\JHYS]& >+&\J>YT]& ** VYJ;J&
&&&&(9:%*&;VVV& ;>&\;CYG]& ** +;&\;>Y+]& ++&\;HY;]& ** &&
'(1%$0.%&BOP&_h8&$"(),&
&&&&$"=+V&4"W0%1oL`&




+T+&\J7CSJ]& ** ;CC&\+;7CSJ]& +V+&\J7>VC]& ** wYVVV+&
'(1%$0.%&Q^T&K&4%$$&4"I.:,&
&&&&4%$$1op`&
TC+&\+C;7;CVT]& ** TCV&\+HG7;CVT]& TC>&\+C;7;;HC]& ** VYSG;&
^%$:(&>;&=%.":FW%& && ** && && ** &&
&&&&5%:%*"/F="I1& +J&\+TY+]& ** T&\+GYC]& S&\;+YC]& ** VY>S+&
&&&&N0$)&:FW%& JV&\JCYG]& ** C+&\JTYT]& ;S&\HSYV]& ** &&
^(:(& (*%& W*%1%.:%)& (1& h"Y& \i],& L%(.& "*& L0.oL(U& A($I%1& I.$%11& ":5%*N01%& 0.)04(:%)Y! Q(:%="*04($& )(:(& N%*%&
4"LW(*%)& DF& L%(.1& "9& Q5071jI(*%& :%1:,& N5%*%(1& 4".:0.I"I1& )(:(& N%*%& 4"LW(*%)& DF& ?(..7g50:.%F7g0$4"U".&
:%1:Y& d.%& W(:0%.:& 0.& 0.4"LW$%:%& *%1W".)%*& =*"IW& 01& L0110.=& )I%& :"& ."& )(:(& (A(0$(D0$0:FK& 8DD*%A0(:0".1R& Q^Q,&
Q%.:%*1&9"*&^01%(1%&Q".:*"$&(.)&[*%A%.:0".Y& &
! #"!
3"?+,& CK& & 1.)()"+& *$6?)."()$.& ".()%,(%$P)%"+& (8,%"4Q& %,/)6,.& @$%& BF& 012MA& ).@,*(,<N& (%,"(6,.(&
."OP,&4"(),.(5&
&












[O& && ** & & ** &&
&&&O.)0.(A0*&q&;h81& >>&\>GY+]& ** +J&\>;YT]& +H&\>TY+]& ** VYGTG&
&&&h%$90.(A0*&q&;h81& ;G&\;HYH]& ** +G&\;TYT]& +V&\;>YT]& ** VYGT>&
&&&_0:".(A0*&q&;h81& ++&\++YJ]& ** H&\++YG]& G&\++YS]& ** +&
&&&":5%*&[O&"*&hh_KO& +S&\;VY;]& ** +V&\+SY;]& &S&\;+YC]& ** VYJS+&
&&&D""1:%)&[O& H&\HYC]& ** C&\JYJ]& ;&\CYT]& ** VYGH>&
h_KO&4"LDY& & ** & & ** &
&&&&8/0)":5FL0)0.%7`(L0AI)0.%& GH&\GSYH]& ** ;J&\G+YS]& ;S&\HSY+]& ** VYVS>&
&&&&3:(AI)0.%7`(L0AI)0.%& +J&\+TY+]& ** +;&\;>Y+]& G&\++YS]& ** VY+H;&
&&&&3:(AI)0.%7^0)(."10.%& C&\CY;]& ** +&\+YS]&& >&\JY+]& ** VY;+>&
&&&&d:5%*&h81& +J&\+TY+]& ** +;&\;>Y+]& G&\++YS]& ** VY+H;&
^(:(& (*%& W*%1%.:%)& (1& h"Y& \i]& "9& W(:0%.:1Y& ^(:(& N%*%& 4"LW(*%)& DF& L%(.1& "9& Q5071jI(*%& :%1:Y& d.%& W(:0%.:& 0.&


















@%.";[5%."&\-[_&Gi]& && ** & & ** &&
&&&_G&:*"W04& JC&\T+Y>]& ** CG&\SV]& ;S&\JVYJ]& ** VYV+S&
&&&cC&:*"W04& +J&\+TYJ]& ** G&\+V]& +;&\;SY>]& ** &
@%.";[5%."&\-[_&+Vi]& & ** & & ** &
&&&_G&:*"W04& HS&\JGYT]& ** C;&\TC]& &;J&\HGYS]& ** VYVCC&
&&&cC&:*"W04& ;;&\;CY;]& ** T&\+H]& +C&\>CY+]& ** &












cK*(42& & ** & & ** &
&&&&_G&:*"W04& G>&\GGYT]& ** >H&\HSY;]& +J&\>SYG]& ** VYV+G&
&&&&cC&:*"W04& +C&\+CYJ]& ** G&\SYH]& S&\;VYS]& ** &
&&&&?0U%)&:*"W04& ;T&\;SYG]& ** ++&\;+Y;]&& +J&\>SYH]& ** &
^(:(&(*%&W*%1%.:%)&(1&h"Y&\i]&"9&W(:0%.:1Y&^(:(&N%*%&4"LW(*%)&DF&L%(.1&"9&Q5071jI(*%&:%1:Y& &
! #$!
R)/9%,& AK& @%.";[5%."& \-[_& Gi]& *%1I$:1& 4"LW(*0.=& :*"W01L& D%:N%%.& :5%& W*"A0*($&
4"LW(*:L%.:1& \.mCC]&(.)& 9*%%&A0*I1& \W$(1L(]&(:&D(1%$0.%&N0:5&W*"A0*I1& \.mGJ]&(9:%*&
90A%&F%(*1&"9&:5%*(WF&9"*&W(:0%.:1&N0:5&_G7&\$%9:&W(.%$]&"*&cC7:*"W04&\*0=5:&W(.%$]&BOP&(:&
D(1%$0.%Y& 8DD*%A0(:0".1R& ['?Q,& W%*0W5%*($& D$"")& L".".I4$%(*& 4%$$t& _G,& _G& :*"W04&
BOPt&cC,&cC&:*"W04&BOPY&
&
R)/9%,& CK& cK*(42& *%1I$:1& 15"N0.=& :5%& :*"W01L& 4"LW(*01".& D%:N%%.& :5%& W*"A0*($&
4"LW(*:L%.:1&\.mCC]&"*&9*"L&9*%%&A0*I1&\W$(1L(]&N0:5&W*"A0*I1&\.mGJ]&(9:%*&90A%&F%(*1&
"9& :5%*(WF& 9"*&W(:0%.:1&N0:5&_G7& \$%9:&W(.%$],&L0U%)7& \L0))$%&W(.%$]&"*&cC7:*"W04&BOP&
\*0=5:& W(.%$]& (:& D(1%$0.%Y& 8DD*%A0(:0".1R& ['?Q,& W%*0W5%*($& D$"")& L".".I4$%(*& 4%$$t&
'`,&D(1%$0.%t&_G,&_G&:*"W04&BOPt&cC,&cC&:*"W04&BOPY&
!-0=I*%&+Y&
&
&
&
&
&
&
&
& &
!-0=I*%&;Y&
